Introduction
Low birth weight (LBW), prematurity and intrauterine growth retardation (IUGR) remain the leading causes of perinatal morbidity, mortality, neurodevelopmental impairments and disabilities among newborn babies (WHO, 1995) .
The belief that a mother's psychological status may affect her foetus has been common in every society, since ancient times. Animal studies have demonstrated that exposing animals to stressors during pregnancy is associated with lower birth or foetal weights (Calhoun, 1962; Geber, 1966; Smith et al, 1975; Barlow et al, 1979; Beckhardt & Ward, 1983; Anderson et al, 1985; Pinto & Shetty, 1995) . However, the impact of psychological factors in the human offspring has been examined in detail, relatively more recently. One reason for the renewed interest in these factors is the lack of progress in reducing poor pregnancy outcomes, especially prematurity, which is still high not only in developing countries, but also in developed countries (Horta et al, 1996; Buekens & Klebanoff, 2001; Branun & Schoendorf, 2002) .
A direct relationship between maternal psychological stress=distress and LBW, prematurity and IUGR may be related to the release of catecholamines, which results in placental hypoperfusion and consequent restriction of oxygen and nutrients to the foetus, leading to foetal growth impairment and=or precipitation of preterm delivery (Omer, 1986; Copper et al, 1996) . Higher amounts of a stressrelated corticosteroid or opiate increasing the vulnerability to infectious diseases (particularly chorioamnionitis), a higher degree of neuromuscular reactivity and increases in the secretion of oxytocin are other important direct mediators (Omer, 1986) . The relationship may be indirect; stressed or distressed women are more likely to smoke cigarettes or use substances such as alcohol and caffeine (McAnarney & Stevens-Simons, 1990) .
Studies on the association between maternal stress= distress and birth weight have yielded mixed results (Henriksen et al, 1994; Jacobsen et al, 1997; Sable & Wilkinson, 2000) . The first reason may be related to the terminology of stress and distress, which is not yet standardized. According to Hoffman and Hatch (1996) , stress describes the recognition that an insult has occurred, and distress describes negative emotional states that may result from the perception of stress. A second reason is that most of the studies assessing stress, distress and LBW, prematurity and IUGR are retrospective, introducing a bias in the direction of the hypothesis. Mothers who have small babies might recognize their pregnancies to be more stressful in retrospect than they might have if their babies were of normal size (Istvan, 1986) . A third reason is that only few studies have controlled the association for confounding variables such as parity, gestational age (GA), socio-economic status, age, morbidity and anthropometry of the mother. The findings in most studies, however, suggest that the contribution of maternal stress to LBW, either directly or mediated through health-risk behaviours, such as cigarette smoking, alcohol intake (Pagel et al, 1990; Pritchard & Teo, 1994; Copper et al, 1996; Nordentoft et al, 1996; Jacobsen et al, 1997; Paarlberg et al, 1999) , and probably coffee intake, should be considered seriously (Aarst & Vingerhoets, 1993; Hedegaard et al, 1996) . Therefore, we decided to carry out a large prospective study, evaluating: (1) the associations between maternal psychological stress, distress and LBW, prematurity, and IUGR; (2) the interactions between maternal stress, distress and smoking, alcohol and coffee intake; (3) the prevalences of stress and distress in pregnancy.
Through a better knowledge of the intricate relationship between maternal stress, distress and foetal growth, we will be able to carry out prenatal programmes to modify the mother's psychological status to the benefit of her foetus.
Subjects and methods
From an original sample of 1182 women who attended antenatal care between September 1997 and August 2000 in 12 health units and five hospitals in Jundiaí, Southeast Brazil, 865 were followed in a cohort study before the 16th week of pregnancy to the birth of their babies. The losses were due to multiple reasons such as failure to attend one of the scheduled appointments at the prenatal services (85), migration to another geographical area (29), miscarriage (57), GA higher than 16 weeks at the first interview (28), refusal to answer one of the three questionnaires (28), lack of reliable data on GA (71) and gemelarity and negative pregnancy tests (19). All participants were insured by the National Health Service (SUS) that assists low income families. Women with chronic infectious diseases, metabolic diseases, cardiopathy, mental diseases, hypertension=pre-eclampsia=eclampsia, vaginal bleeding and multiple deliveries were not included in the study.
Psychological measures (stress and distress) and a range of risk factors for LBW, prematurity and IUGR were obtained by four psychologists who interviewed the women three times before delivery: at a GA lower than 16 weeks, from 20 to 26 weeks and from 30 to 36 weeks. Considering that a large percentage of women from this region do not attend antenatal care in the first trimester of pregnancy, we decided to involve in the first interview women who were already in the second trimester.
Maternal stress was assessed by the 14-item Perceived Stress Scale, PSS (Cohen et al, 1983) , which determines the degree to which situations during the last month had been appraised as stressful. The PSS was designed for use with community samples. The items are easy to understand and the response alternatives are simple to grasp. Moreover, the questions are quite general in nature and hence relatively free of content specific to any sub-population group. It is rated on a five-point scale ranging from 'never' to 'very often'.
Maternal psychological distress was assessed by the 12-item version of the General Health Questionnaire, GHQ (Goldberg, 1972) , a screening instrument designed for use in general population surveys. The scores indicate the severity of psychological disturbance on a continuum. The content and concurrent validity of this questionnaire have been tested in a Brazilian population (Mari & Williams, 1985) . Pregnant women were classified into two groups, according to their GHQ scores (low, 0 -3; high, 4 þ ). Anxiety, in particular, was assessed using the State -Trait Anxiety Inventories, STAI (Spielberger et al, 1970) . The STAI is a wellstandardized, 40 item, self-report instrument designed to measure both state and trait anxiety. For state anxiety, subjects are asked how they feel at the time of being questioned, and for trait anxiety, subjects are asked how they feel generally. A cut-off point of scores greater than 40 was selected for both state anxiety and trait anxiety.
Possible risk factors for LBW, prematurity and IUGR were assessed by a standardised questionnaire seeking Maternal stress and distress PHC Rondó et al information on women's medical and obstetric history (parity, prior history of LBW), socio-economic and demographic characteristics (age, marital status, education, per capita income), toxic exposure (smoking, alcohol intake and coffee intake), and anthropometry (pre-pregnancy weight, height, body mass index-BMI). The anthropometric measurements were determined according to Cameron's (1984) and Jelliffe's and Jelliffe's (1989) recommendations. Data obtained by interview were checked against medical records and antenatal care cards, especially for obstetric history.
Smoking was estimated by the mean number of cigarettes smoked per day by the pregnant women, in the three interviews. Consumption of alcohol was assessed by the mean number of drinks of alcoholic beverages ingested per week by the pregnant women, in the three interviews (a drink is 12 ounces of beer, 4 ounces of wine or 1 1 2 ounces of liquor or 'pinga' (typical Brazilian spirit); Faden et al, 1997) . Consumption of coffee was assessed by the mean number of cups of coffee ingested per day by the pregnant women, in the three interviews.
A sample of 20 women were interviewed four times by all the psychologists, in one week intervals, and all the results were within 5% in all repeated interviews. Birth outcome was described by three variables: LBW (birth weight < 2500 g), prematurity (GA at birth < 37 weeks); IUGR (birth weight for GA 10th percentile of Williams' curve; Williams et al, 1982) .
GA was determined by a combination of ultrasonography performed up to the 20th week of gestation, the Capurro method (determined between 12 and 48 h of birth; Capurro et al, 1978) , and information on the date of the last menstrual period (LMP). When there was less than or a week discrepancy between at least two of the GA determinations, assessed by the three different methods, one of them was chosen, giving preference to the order of the methods cited above. Data on Apgar score, anthropometry and physical examination of the newborn babies were collected as a routine, from the medical records.
For calculation of the sample size for this cohort study, data on prevalences of LBW (9.8%), prematurity (7.5%) and IUGR (17.5%) were used (Horta et al, 1996) . The parameters adopted were: 80% power, 0.05 significance and 4.7 relative risk (RR) for LBW, 2.86 RR for prematurity and 1.84 RR for IUGR, considering minimum frequencies of 5% of LBW, 3% of prematurity and 9% of IUGR for the pregnant women not exposed to stress. The relative risks used for the calculations were obtained from a research on stress in pregnancy (Pritchard & Teo, 1994) . According to the parameters cited above, considering a loss of 15% of women, it would be necessary to include a minimum of 830 pregnant women (Lwanga & Lemeshow, 1991) .
Range and consistency checks as well as visual comparison of the record print-outs with the questionnaires were conducted when entering data into EPI-INFO (USD Incorporated, Stone Mountain, GA, USA).
Statistics were calculated with EPI-INFO and STATA (STATA Corporation, College Station TX, USA). The associations between the outcomes (LBW, prematurity and IUGR) and the psychological measures were controlled for confounding factors (possible risk factors), and assessed separately in three multiple logistic regression models (Kleinbaum, 1996) . The factors that were found to be statistically significant in the univariate analysis and the ones considered as important predictors of the outcomes (Kramer, 1987) were included in the models. The scores of the STAI and GHQ were introduced into the models as dichotomized variables while the PSS scores were divided in quartiles, considering that there are no specific cut-off points for the PSS scores. Results were expressed in relative risks (RR) and confidence intervals (CI), considering a probability value (P) < 0.05 as significant.
Informed written consent was obtained from all subjects and the protocol was approved by the Ethical Committees of the School of Public Health, University of São Paulo and the Health Secretariat of Jundiaí, SP.
Results
The characteristics of the 865 pregnant women included in the study are shown in Table 1 . One-quarter of the women were teenagers (age 19 y; WHO, 1986 ) and more than half had from 4 to 8 y of formal education (57%) and were officially married (51.8%). The majority of the women had a low per capita income, considering that only 21.3% received more than 3 Brazilian minimum wages (73 US$) a month. Approximately 44% of them were primiparous and 2.5% had a prior history of LBW. According to their nutritional status, 23.8% had a low pre-pregnancy weight ( 50 kg), 10.9% were short (height 1.50 m) and 14.2% had a BMI < 20. The percentage of mothers who smoked cigarettes in the first trimester of pregnancy (14.2%) was higher than in the second (11%) and third (10.6%) trimesters. The mean number of cigarettes smoked per day in pregnancy was approximately seven. However, the majority of the women (58.5%) smoked less than six cigarettes=day. Comparing our results with previous data from the same region (Rondó et al, 1996; Paiva, 2000) , smoking in pregnancy has decreased, probably as a consequence of a smoking prevention programme carried out by the Secretary of Health at antenatal care services. A large number of women ingested alcohol in pregnancy (21.8, 18.4 and 12.7% in the three trimesters respectively), but the mean number of drinks ingested was low, varying between 2.46 and 3.47 drinks=month. Only 10% of the women had a mean ingestion of alcohol higher than 12 drinks=month. Coffee was ingested by most of the women (72.4, 74.2 and 71% in the three trimesters, respectively), although the mean number of glasses ingested by these women was not high, varying between 0.66 and 0.68 glasses=day (1 glass ¼ 120 ml).
The mean ( AE s.d.) birth weight of the babies was 3201 AE 483 g (range: 1180 -4700 g); the mean ( AE s.d.) GA Maternal stress and distress PHC Rondó et al was 39.1 AE 1.4 weeks (range: 32.2 -42.6 weeks). Approximately 6.5% of the babies were classified as having LBW, 4.2% were delivered prematurely and 10.8% were intrauterine growth retarded (IUGR). Table 2 presents the results of logistic regression analyses of the maternal factors that predict LBW, prematurity and JUGR (controlling for the confounding factors specified in Table 1 ). According to these results, LBW was associated with a GHQ score > 3 in the second interview (RR ¼ 1.97; P ¼ 0.019), parity ! 5 (RR ¼ 5.88; P ¼ 0.002) and age 19 y (RR ¼ 2.31; P ¼ 0.005); prematurity was associated with a GHQ score > 3 in the third interview (RR ¼ 2.32; P ¼ 0.015), a prior history of LBW (RR ¼ 4.96; P ¼ 0.017) and age 19 y (RR ¼ 2.48; P ¼ 0.011); IUGR was associated It is important to emphasize that it was easier for mothers to remember the weight than the GA of their children. This is the explanation for having a prior history of LBW as a predictor of prematurity in the model, and not a prior history of prematurity. Figure 1 shows that mean scores of the GHQ in the three interviews were significantly higher (P < 0.001) for women who smoked cigarettes in pregnancy than for non-smokers, showing an association between GHQ scores and smoking. There was also an interaction between GHQ scores and smoking in the second interview (P ¼ 0.05). However, there were no associations or interactions between GHQ scores, alcohol and coffee intake.
There were 22.1 -24.6% pregnant women in the highest quartile of the PSS (mean score ¼ 30.21, s.d. ¼ 3.59 (min ¼ 28; max ¼ 53)) in the three trimesters of pregnancy. Comparing the scores of these women with the mean scores of the whole population (22.5, s.d. ¼ 6.4), and the mean scores of the populations studied by Cohen et al (1983) , we consider that these women had stress. The prevalences of maternal distress, assessed by the GHQ and STAI, varied between 25.9 and 52.9% in the three trimesters of pregnancy.
Discussion
The present study has confirmed that psychological factors are associated with both birth weight and GA. It was found that LBW and preterm delivery are associated with distress in the second interview (20 -26 weeks gestation) and in the third interview (30 -36 weeks gestation), respectively, even after controlling for other risk factors.
There are only few prospective studies which have focused on the association between psychological factors and preterm labour, but most of them have reported a positive association, showing that preterm deliveries have often been preceded by stressful situations (Austin & Leader, 2000) (Austin & Leader, 2000) . Hedegaard et al (1993) carried out a research evaluating the importance of psychological distress in pregnancy (estimated by the GHQ questionnaire) on preterm labour, and found a dose -response relationship between distress assessed in the 30th week of pregnancy and risk of preterm delivery. The results of this research are similar to ours, considering that the association of maternal distress with prematurity was observed only in the third interview, but not in the first and second interviews. Copper et al (1996) also reported that women with a GA between the 25th and 29th weeks of pregnancy, who perceived their lives as being stressful, are at increased risk for spontaneous preterm birth and LBW. Wadhwa et al (1993) found that, independent of biomedical risk, each unit increase of prenatal life event stress (from a possible sample range of 14.7 units) was associated with a 55.03 g decrease in infant birth weight and with a significant increase in the likelihood of LBW (odds ratio ¼ 1.32); each unit increase of prenatal pregnancy anxiety (from a possible sample range of 5 units) was associated with a 3 day decrease in GA at birth. Two reviews of the literature on stress and birth outcomes have concluded that life-event stress is most consistently correlated with prenatal events, particularly with preterm delivery or GA, rather than with complications during delivery (Levin & DeFrank, 1988; Lederman, 1995) .
According to Paarlberg et al (1995) there is a tendency to a higher muscular tone in stressing conditions, which can probably potentiate early contractions, triggering preterm labour, especially in the later phases of pregnancy.
A cohort study carried out by Teixeira et al (1999) found an association between scores of the STAI (Spielberger et al, 1970) in pregnancy and higher mean uterine artery resistance index (r ¼ 0.31, P < 0.002; r ¼ 0.28, P < 0.005), respectively. This study suggests a mechanism by which the psychological state of the mother may affect foetal development, and may explain epidemiological associations between maternal anxiety and LBW.
A large study from Denmark, evaluated the influence of psychosocial factors on intrauterine growth retardation and preterm delivery. Psychosocial stressors and duration of schooling appeared to influence preterm delivery (Nordentoft et al, 1996) .
A study involving women with depressive symptoms late in pregnancy showed that these women had a 3.97 risk of delivering a LBW, a 3.39 risk for having a preterm delivery, and a 3.02 risk for IUGR (Steer et al, 1992) . Exposure to stressful conditions might also influence GA or birth weight by promoting specific behaviours in human beings such as smoking, alcohol and coffee intake, which may be independently associated with poor pregnancy outcomes. Studies of women's smoking habits have suggested that women smoke to relieve stress, unhappiness and depression (Floyd et al, 1993) . A study involving low-income pregnant adolescents reported that they smoked to counter anxiety (Lawson et al, 1994) . Grimstadt et al (1999) referred that mothers with a Figure 1 Comparison of the mean scores of the GHQ in the three interviews according to smoking by pregnant women (n ¼ 865).
Maternal stress and distress PHC Rondó et al history of physical abuse had higher anxiety scores and more often smoked in pregnancy. Pritchard and Teo (1994) studied the relationship between persistent stressful aspects of daily life and birth outcomes in 393 women from Scotland. He found that psychosocial difficulty in the household role represents a risk factor for preterm birth and LBW, and suggested that smokers who experience psychosocial problems may be at particular risk.
A review by Hoffman and Hatch (1996) , covering the last 10 y of research on stress, social support and pregnancy outcome, concluded that acute life stressors have direct effects on birth outcome, whereas strong partner or family support as a promoter of foetal growth can with almost equal certainty be ruled in.
In this study, IUGR was not associated with stress=distress, but only with few risk factors -primiparity, a parity ! 5 and maternal height 1.50 m. One of the possible explanations is the high cut-off points, corresponding to the 10th percentile of the Williams' curve (Williams et al, 1982) . An epidemiological study evaluating risk factors for IUGR (not including stress) in the same region of the country, but using another curve for classification of IUGR babies, found associations with several factors (Ronaó et al, 1997) . However, according to some studies from the literature, the impact of psychosocial factors on IUGR seems to be not so important as their impact on LBW and prematurity. Aarts & Vingerhoets (1993) in Netherlands, investigating the role of maternal chronic stress and well-being in the three different trimesters of pregnancy on foetal growth, reported that smoking, family income and maternal weight were the only predictors of this outcome. In a large study from Norway (Jacobsen et al, 1997) , parental education, maternal body proportion and lifestyle were the risk factors for IUGR.
Stress, distress and physical strain did not influence birth outcome. A large study carried out by Brooke et al (1989) investigating the effects of smoking, alcohol and caffeine consumption, socio-economic factors and psychosocial stress on birth weight, did not find any effect of social and psychological factors on foetal growth.
According to the results of a large study carried out by Edwards et al (1994) women with a positive self attitude and higher self esteem were more likely to deliver infants at term. The number of persons in the women's social support network was also directly correlated with her infant's GA. Brownell and Shumaker (1985) emphasize the importance of preventing or alleviating sources of stress in pregnancy, whenever possible, even considering the difficulty of reducing life stress among women from low income groups.
The implication of these findings is that a keener assessment of stress=distress experienced by women during pregnancy should be made, considering the impact of psychological problems in this population. Further research is also needed to evaluate the effectiveness of psychological interventions and the possible value of social support systems which will improve maternal and foetal general well-being.
